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Claims 

[d] 1. A fabrication method for a memory device that com- 
prises a deep trench, the method comprising: 
providing a substrate; 

forming a plurality of deep trenches in the substrate, 
wherein the deep trenches are rectangular shape when 
viewing from a top, and each trench comprises a first 
short side and a second short side, and between the first 
short side and the second short side of any two corre- 
sponding deep trenches is a pre-defined region for an 
active region; 

forming a doped region in the substrate around a lower 
part and a bottom part of each deep trench; 
forming a conformal dielectric layer on a bottom part 
and a sidewall of the lower part of each deep trench; 
forming a first conductive layer in the bottom part and 
the lower part of the deep trench, encompassed by the 
first dielectric layer; 

forming a collar oxide layer at a periphery of a middle 
part of each deep trench; 

forming a second conductive layer in each deep trench, 

encompassed by the collar oxide layer; 

forming an undoped semiconductor layer in the upper 


part of each deep trench; 

implanting dopants into the undoped semiconductor 
layer, except at the periphery of the first short side and 
the second short side of each deep trench, to form a 
third conductive layer; 

removing a portion of the third conductive layer, a por- 
tion of the collar oxide layer and a portion of the sub- 
strate inside the deep trenches to form a plurality of 
shallow trenches in the substrate; and 
filling in an insulation layer in each of the shallow 
trenches to form a plurality of isolation structures and to 
define a plurality of active regions in the pre-defined re- 
gion for the active region. 

[c2] 2. The method of claim 1, wherein forming the deep 
trenches in the substrate comprises: 
forming a patterned first mask layer on the substrate, 
wherein the patterned first mask layer comprises a plu- 
rality of first openings; and 

transferring the first opening pattern of the first mask 
layer to the substrate to form the deep trenches in the 
substrate. 

[c3] 3. The method of claim 1, wherein implanting dopants 
into the undoped semiconductor layer, except at the pe- 
riphery of the first short side and the second short side 
of each deep trench further comprises: 


forming a second mask layer on the first mask layer, 
wherein the second mask layer covers the periphery of 
the first short side and the second short side of the deep 
trenches; 

performing an ion implantation process to implant 
dopants into the undoped semiconductor layer to form 
the third conductive layer, using the second mask layer 
and the first mask layer as an implantation mask; and 
removing the first mask layer and the second mask layer. 

[c4] 4. The method of claim 3, wherein forming the second 
mask layer further comprises: 
forming an anti-reflection layer on the substrate; 
forming a patterned photoresist layer on the anti- 
reflection layer, wherein the patterned photoresist layer 
exposes a portion of the anti-reflection layer in the deep 
trenches; and 

removing the anti-reflection the is not covered by the 
patterned photoresist layer to expose a portion of the 
undoped semiconductor layer. 

[c5] 5. The method of claim 3, wherein the deep trenches 
comprise neighboring a first column of a plurality of 
trenches and a second column of a plurality of trenches, 
and the second mask comprises a first long stripe mask 
and a second long stripe mask, and the first long stripe 
mask covers the undoped semiconductor layer at the pe- 


riphery of the first short side of the deep trenches of the 
first column and the undoped semiconductor layer at the 
periphery of the second short side of the deep trenches 
of the second column, and the second long stripe mask 
covers the undoped semiconductor layer at the periphery 
of the second short side of the deep trenches of the first 
column and the undoped semiconductor layer at the pe- 
riphery of the first short side of the deep trenches of the 
neighboring second column. 

[c6] 6. The method of claim 2, wherein forming the undoped 
semiconductor layer in the upper part of each deep 
trench further comprises: 

forming an undoped semiconductor material layer on the 
substrate, wherein the undoped semiconductor material 
layer fills the deep trenches and covers the first mask 
layer; and 

performing a removing process to remove the undoped 
semiconductor material layer on the first mask layer and 
a portion of the undoped semiconductor material layer in 
the deep trenches. 

[c7] 7. The method of claim 6, whereinremoving the portion 
of the undoped semiconductor material layer further 
comprises: 

performing a chemical mechanical polishing process to 
removethe undoped semiconductor material layer that 


covers the first mask layer; and 

performing an etching-back process to remove the un- 
doped semiconductor material layer in the deep 
trenches. 

[c8] 8. The method of claim 2, wherein forming the shallow 
trenches in the substrate comprises: 
forming a third mask layer on the substrate, wherein the 
third mask layer comprises a second opening that ex- 
poses a portion of the third conductive layer, a portion 
of the collar layer and a portion of the first mask layer in 
the deep trenches; and 

removing the portion of the third conductive layer, the 
portion of the collar layer and the portion of the first 
mask layer in the deep trenches exposed by the second 
opening to form the shallow trenches in the substrate. 

[c9] 9. The method of claim 1, wherein the method further 
comprises: 

forming a gate dielectric layer on each active region; 
forming two patterned gate conductive layers on each 
gate dielectric layer; and 

forming a plurality of source/drain regions in the sub- 
strate beside two sides of the patterned gate conductive 
layer. 


[do] io. A fabrication method for a memory device that com- 


prises a deep trench capacitor, the fabrication method 

comprising: 

providing a substrate; 

forming a plurality of deep trenches in the substrate, 
wherein the deep trenches is differentiated into a plural- 
ity of a first column of the deep trenches and a plurality 
of a second column of the deep trenches, and the first 
column of the deep trenches crosses over the second 
column of the deep trenches; 

forming a doped region in the substrate, around a lower 
part and a bottom part of each deep trench; 
forming a conformal dielectric layer on the bottom part 
and a sidewall of the lower part of each deep trench; 
forming a first conductive layer in the lower part and the 
bottom part of each deep trench, encompassed by the 
dielectric layer; 

forming a collar oxide layer at a periphery of a middle 
part of each deep trench; 

forming a second conductive layer in each trench, en- 
compassed by the collar oxide layer; 
forming an undoped semiconductor layer in an upper 
part of each trench; 

implanting dopants into a part of the undoped semicon- 
ductor layer; and 

defining a plurality of active regions in the substrate, 
wherein the active region extends from one deep trench 


to a neighboring deep trench along a same column, 
wherein the one deep trench and the neighboring deep 
trench are at a greater distance apart, wherein a border 
of the deep trench that is adjacent to the neighboring 
active region is a first region, and during the implanta- 
tion of the dopants into the undoped semiconductor 
layer, the undoped semiconductor layer of the first re- 
gion is not doped with the dopants. 

[cH] 11. The method of claim 10, wherein forming the deep 
trenches in the substrate further comprises: 
forming a patterned first mask layer on the substrate, 
wherein the patterned mask layer comprises a plurality 
of first openings; and 

transferring the first opening pattern of the first mask 
layer to the substrate to form the deep trenches in the 
substrate. 

[d2] 12. The method of claim 11, wherein the step of im- 
planting the dopants into the part of the undoped semi- 
conductor layer comprises: 

forming a second mask layer on the first mask layer, and 
the second mask layer covers the undoped semiconduc- 
tor layer of the first region; 

performing an ion implantation process to implant 
dopants into the undoped semiconductor layer outside 
the first region to form a third conductive layer in each 


of the trenches using the second mask layer and the first 

mask layer as an implantation mask; and 

removing the first mask layer and the second mask layer. 

[d3] 13. The method of claim 12, wherein the step of forming 
the second mask layer comprises: 
forming an anti-reflection layer on the substrate; and 
forming a patterned photoresist layer on the anti- 
reflection layer, wherein the patterned photoresist layer 
exposes a portion of the undoped semiconductor layer. 

[d4] 14. The method of claim 12, wherein the second mask is 
a mask with a plural of long stripes which cover the un- 
doped semiconductor layer of the neighboring first re- 
gion between the deep trenches of any two neighboring 
deep trenches of the first column and of the second col- 
umn. 

[d5] 15. The method of claim 11, wherein forming the un- 
doped semiconductor layer in the upper part of each 
deep trench comprises: 

forming an undoped semiconductor material layer on the 
substrate to fill the trenches and to cover the first mask 
layer; and 

performing a partial removing step to remove the un- 
doped semiconductor material layer that covers the first 
mask layer and a portion of the undoped semiconductor 


material layer in the deep trenches. 

[c16] 16. The method of claim 15, wherein the step of per- 
forming the partial removing step further comprises: 
performing a chemical mechanical process to remove the 
undoped semiconductor material layer the covers the 
first mask layer; and 

performing an etching-back process to remove the por- 
tion of the undoped semiconductor material layer in the 
deep trenches. 

[d7] 17. a fabrication method for an electrode of a deep 
trench capacitor, the method comprising: 
providing a substrate; 

forming a plurality of deep trenches in the substrate, and 
the deep trenches arranging into a plurality of columns, 
wherein between the deep trench and the neighboring 
deep trench that are at a greater distance apart on a 
same column is an active region, and a border of each 
deep trench that is adjacent to the active region is a first 
region; 

forming a first conductive layer in a lower part and a 
middle part of each deep trench; 

forming an undoped semiconductor layer in the first re- 
gion at the upper part of each deep trench; and 
forming a second conductive layer in the upper part of 
each deep trench outside the first region, wherein the 


first conductive layer and the second conductive layer 
serve as the electrode of the deep trench capacitor. 

[d8] 18. The method of claim 17, wherein the step of forming 
the undoped semiconductor layer and the second con- 
ductive layer comprises: 

forming an undoped semiconductor material layer in the 

upper part of each deep trench; 

forming a mask layer on the undoped semiconductor 

material layer in the first region; 

performing an ion implantation process to implant 

dopants into the undoped semiconductor material layer 

outside of the first region to form the second conductive 

layer; and 

removing the second mask layer to expose the undoped 
semiconductor material layer. 

[d9] 19. The method of claiml8, wherein forming the un- 
doped semiconductormaterial layer in the upper part of 
each deep trench further comprises: 
forming a material layer on the substrate, filling the deep 
trenches and covering the substrate; and 
performing a partial removal process to remove the ma- 
terial layer the covers the substrate and the portion of 
the material layer in the deep trenches. 


[c20] 20. The method of claim 19, wherein the partial removal 


process further comprises: 

performing a chemical mechanical process to remove the 
material layer that covers the substrate; and 
performing an etching-back process to remove the por- 
tion of the material layer in the deep trenches. 


